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+ MOTIVATION

In the context of the societal challenges

CLIMATE CHANGE EXTREME EVENTS PLANETARY HEALTH
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+ Coast.SENSE Concept

Towards an integrated coastal intelligence solution

Coast.SENSE aims to deliver multidisciplinary
environmental data (Earth Systems approach) rendered into
user friendly local impact assessment information.

» Real-time, Short-term Forecast, Long-term Scenarios
» Accuracy Assessment
« High Spatio-temporal Resolution (sub-km, hourly)

« Remote Sensing Imagery Processing
 Citizen Science Workflows

« Machine Learning/Atrtificial Intelligence
» Deterministic Numerical Models
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Coast.SEA Coast.AIR
+ Overtopping « Air quality
« Water quality « Air Temperature/Heatwave
. : Exposure
+ Sedimentation

« CO, fluxes




Impacts of extreme weather and climate related events in the EEA member countries and
the UK (1980-2019) 1!
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+ Machine Learning Application
Air Temperature/Heatwave Exposure Module
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Air Temperature/Heatwave Exposure Module
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+ Machine Learning Application
Air Temperature/Heatwave Exposure Module
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Air Temperature/Heatwave Exposure 'Module'




+ Machine Learning Application
Air Temperature/Heatwave Exposure Module — Data and Methodology

Eauationi 1 7, = R+ Loy + Ui

T x near-surface air temperature, in time t and place x

R , is the regional weather contribution
Ly , is the natural landscape contribution
Ut x is the urban/artificial land cover contribution

(Lowry, 1977).



+ Machine Learning Application
Air Temperature/Heatwave Exposure Module — Data and Methodology

Tt x |= Rt,x + Lt,x + Ut,x

T , near-surface air temperature, in time t and place x
R , is the regional weather contribution

Ly , is the natural landscape contribution

Ut x is the urban/artificial land cover contribution

(Lowry, 1977).

Response Variable = In-situ observations, after quality control, i.e., Netatmo + NCDC + Municipal
Networks (e.g., Cascais, Lisbon)

T2m
obs




+ Machine Learning Application
Air Temperature/Heatwave Exposure Module — Data and Methodology

—> Regional Weather Contribution = AROME (T2m, Ws, Wdir, MSLP, RH)

- Tix |= Replt Ly +Upy

T x near-surface air temperature, in time t and place x

R , is the regional weather contribution
Ly , is the natural landscape contribution
Ut x is the urban/artificial land cover contribution

(Lowry, 1977).

Response Variable = In-situ observations, after quality control, i.e., Netatmo + NCDC + Municipal
Networks (e.g., Cascais, Lisboa)




+ Machine Learning Application
Air Temperature/Heatwave Exposure Module — Data and Methodology

Eauation: |7,

Rt x

<+

Lt x

(Lowry, 1977).

+ Ut’x

T , near-surface air temperature, in time t and place x
R , is the regional weather contribution

Ly , is the natural landscape contribution

Ut x is the urban/artificial land cover contribution

Response Variable = In-situ observations, after quality control, i.e., Netatmo + NCDC + Municipal
Networks (e.g., Cascais, Lisboa)

—> Regional Weather Contribution = AROME (T2m, Ws, Wdir, MSLP, RH)

Natural Landscape Contribution = Latitude, Longitude, Altitude, Topographic Exposure to
prevailing winds (regarding AROMEs Wdir) and coastal breezes




+ Machine Learning Application
Air Temperature/Heatwave Exposure Module — Data and Methodology

- Tt x |= Rex|* Ley+ Upyx

T , near-surface air temperature, in time t and place x

R , is the regional weather contribution
Ly , is the natural landscape contribution
Ut x is the urban/artificial land cover contribution

(Lowry, 1977).

Response Variable = In-situ observations, after quality control, i.e., Netatmo + NCDC + Municipal
Networks (e.g., Cascais, Lisboa)

e S

Natural Landscape Contribution = Latitude, Longitude, Altitude, Topographic Exposure to
prevalllng winds (regarding AROMEs Wdir) and coastal breezes




+ Machine Learning Application
Air Temperature/Heatwave Exposure Module

Input Information

| CDO pre-processing (merge first 12
ﬁ AROME (NetCDF)

@8 timesteps of each daily model run)

Predictions in Regular Grid

ﬁ Sample AROME time-series Output
L3 to each grid point (csv) Information
@ Grid w/ t-fixed var |
i Make time-st
250x250m (csv) ﬁ Train ake time-step

RF and NN (csv) average between
o the two (csv)

Train L@f
R i

LMM (csv)

| 3

Data wrangling, O pyQGIS
> to merge (csv) r\ (sample Netatmo/WMO)
a Netatmo (csv) T | Errors
® i @ ﬁ (csv)
@ WMO (csv) —




+ Machine Learning Application

AROME T2m (°C)

Air Temperature/Heatwave Exposure Module — AROME Model

AROME T2m forecast versus Observed Air Temperature (citizen’s in situ stations)

Amadora

Cascais

Lisboa

Loures

Mafra

Odivelas MUN

Deiras

Sintra

10

20

30

40 10 20

Observed T2m (°C)

30

40

Call:
Im(formula = ta

Residuals:
Min 10
-5.9581 -1.8348

Coefficients:
Estimate
AROME 1.9516998

Signif. codes:

~— Amadora
= Cascais
~— Lisboa
— Loures
— Mafra
— Odivelas
~— Qeiras

~— Sintra

~ @ + AROME, data = dball, na.action = na.omit)

Median 3Q Max
8.3701 1.6738 7.@592

std. Error t value Pr(>|t])
9.0002597 4858 {2e-16 **=%

B ‘%%’ g pel1 ‘**’ p.pl *? @.B5 ‘.7 B.1 T 1

Residual standard error: 2.182 on 159685 degrees of freedom
Multiple R-squared: ©.99@4, Adjusted R-squared: ©.9984
F-statistic: 1.64e+087 on 1 and 159685 DF, p-value: < 2.2e-16



+ Machine Learning Application

Air Temperature/Heatwave Exposure Module - +ATLANTIC ML Model

+ATLANTIC ML downscaling model versus Observed Air Temperature (citizen’s in situ stations)

Amadora

Cascais

Lisboa

Loures

Mafra

Odivelas MUN

+ATLANTIC ML T2m (°C)

~— Amadora
— Cascais
~— Lisboa
= Loures
— Mafra
— ODdivelas
=~ QOeiras

~—— 8Sintra

Deiras

Sintra

10 20 30 40 10

Observed T2m (°C)

20

30

40

Call:
Im(formula = ta ~ 8 + fit_lmerf, data = dball, na.action = na.omit)

Residuals:
Min 10 Median 3Q Max
-4.2139 -0.6780 -90.1002 ©.5578 6.@877

Coefficients:
Estimate Std. Error t value Pr(>|t])
fit_ lmerf 1.80866169 ©0.80601699 5183 {2e-16 **

Signif. codes: @ %%’ g @1 “*** p. g1 “*’ @.@5 ‘.7 9.1 1

Residual standard error: ©.9748 on 159685 degrees of fTreedom
Multiple R-squared: ©.9981, Adjusted R-squared: 8.9981
F-statistic: 8.286e+87 on 1 and 159685 DF, p-value: < 2.2e-16



+ Machine Learning Application
Air Temperature/Heatwave Exposure Module — AROME verus +ATLANTIC Model
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Example in Lisbon, during a
heatwave day 17th of July
2020, at 6p.m.

v ass

In-situ stations:

Integrated Surface Database

(ISD) 4

Cascais Municipality L 4
o 0 [0 0 10[0 ] Citizen Stations: existing @
@

Sk 1 Citizen Stations: QA
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Example in Lisbon, during a 220 | O \ 1=
heatwave day 17th of July =G
2020, at 6p.m. ) :?‘*‘fi
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UTS daily cyle, Stage 5: Late Afternoon Peak UHI intensity UTS daily cyle, Stage 5: Late Afternoon Peak UHI intensity

(from 6 to 8p.m.) (from 6 to 8p.m.)
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Wind speed: 5.0m/s

Wind speed: 7.9m/s

UTS daily cyle, Stage 1: Nocturnal Stable UHI intensity - Scenarios
(from 11p.m. to 6a.m.)

RCP8.5, 1981-2100, Current Urban Development Scenario RCP8.5, 1981-2100, Urban Densification Scenario
(Tr: 28°C, Trdif_lag2h: 1.2°C) (Tr: 28°C, Trdif_lag2h: 1.2°C)

Median Ta

11p.m.-6a.m.

(°C)

26.0
26.3
26.5
26.8
27.0
27.3
275
27.8
28.0
28.3
285
28.8
29.0
293
295

UTS daily cyle, Stage 5: Late Afternoon Peak UHI intensity

(from 6 to 8p.m.)
RCP8.5, 1981-2100, Current Urban Development Scenario RCP8.5, 1981-2100, Urban Densification Scenario
(Tr: 32°C, Trdif_lag2h: 3.5°C) (Tr: 32°C, Trdif_lag2h: 3.5°C)

Maximum Ta
6-8p.m.
(°C)
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RCP8.5, 1981-2100, Ta Diference between Current Urban
Development and Densification Scenario

RCP8.5, 1981-2100, Ta Diference between Current Urban
Development and Densification Scenario

Median Ta
Diference
(°C)
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+ Coast.SENSE

Towards an integrated coastal intelligence solution

Going Forward

« Assessing Ecosystems Services and Health
« Habitats’ vulnerability to extreme heat and wildfires
« Vegetation as an urban acclimatization tool
« Evaluate the role of the Atlantic proximity
« Land and sea breezes
« Atmosphere and ocean interactions
» Investigate Climate Change Trends and Scenarios
« Historical changes in the atmospheric, coastal and
biological domains
« Scenarios of climate changed induced impacts

Qe
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Coast.SEA Coast.AIR
+ Overtopping « Air quality
« Water quality  Air Temperature/Heat

Exposure
« CO, fluxes

« Sedimentation
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colabatlantic.com
info@colabatlantic.com

FOLLOW US!
LinkedIn & Twitter: @colabatlantic

+ATLANTIC ALENTEJO +ATLANTIC CENTRO +ATLANTIC NORTE +ATLANTIC LVT
Edificio TEKEVER Molhe Leste 2520-620 Av. D. Afonso Henriques 1825 Edificio LACS
Aerodromo Municipal Ponte de Peniche, Portugal 4450-017 Estrada da Malveira da Serra
Sor 7400-601 Matosinhos, Portugal 920 2750-834
Cascais, Portugal

Tramaga, Portugal
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